Choroid plexus papillomas (CPPs) are typically benign tumors that can occur in any age group but are more commonly found in pediatric patients. Although these tumors are benign, there are several reports in adult patients of distant metastases present either at the time of diagnosis or occurring months to years after initial resection. Here, the authors report the case of a 14-year-old boy who presented with symptoms of elevated intracranial pressure due to obstructive hydrocephalus that was caused by a large fourth ventricular mass. Preoperative imaging included a full MRI of the spine, which revealed an intradural lesion that encased the distal sacral nerve roots at the tip of the thecal sac and was concerning for a drop metastasis. The patient underwent gross-total resection of both the fourth ventricular and sacral tumors with histology of both lesions consistent with benign CPP (WHO Grade I). In addition, the authors review prior reports of both pediatric and adult patients in whom benign CPPs have metastasized with either benign or atypical pathology found at a distant site. Taking into account this unusual case and reports in the literature, patients with even benign CPPs may warrant initial and routine follow-up imaging of the total neural axis in search of the rare, but possible, occurrence of drop metastasis.
C horoid plexus papillomas (CPPs) are typically extraaxial benign tumors that originate from the neuroepithelial lining of the choroid plexus. These tumors are quite rare, accounting for about 0.4%-0.6% of all intracranial tumors. 21, 37 CPPs can be found in any age group but are more commonly found in pediatric patients, with a median age at diagnosis of 3.5 years and an incidence of 3.9% in children younger than 12 years. 21, 37 As the origin of CPP is from the choroid plexus, it can be found anywhere the choroid plexus is located. While an infratentorial location is typical in adults (e.g., fourth ventricle), these tumors are more frequently found in a supratentorial location (e.g., lateral ventricles) in children. 15, 37 Benign CPPs (WHO Grade I) resemble normal choroid plexus with papillary projections containing cuboidal-tocolumnar epithelium lining fibrovascular bundles. While occasional mitoses are present, in general these tumors do not demonstrate cytological atypia. Atypical CPPs (WHO Grade II) demonstrate increased mitotic activity with at least 2 mitoses per 10 hpf. Other features may include hypercellularity, cytological atypia, and necrosis. 29 Given that
CPPs are generally benign and locally slow growing, these tumors are typically cured through gross-total resection alone. 28, 30 Although rare, there have been several reported cases of benign CPPs forming distant metastases in adults. 1-6, 8-10,12-14,16-19,22-27,31-36,38,39 In contrast, there are even fewer reported cases that demonstrate similar findings in the pediatric population. In this report, we present the rare case of a pediatric patient who was found to have a benign fourth ventricular CPP and a sacral drop metastasis at initial presentation. In addition, we review the literature comprehensively and summarize prior reports in both pediatric and adult patients in whom benign CPPs have metastasized to the distant sites.
Case Report

History and Examination
A 14-year-old boy presented to the emergency department with new complaints of pressure-like headaches and a 2-month history of morning vomiting. On examination, the patient demonstrated mild bilateral upper-extremity dysmetria but otherwise had normal findings on formal neurological testing. Brain MRI demonstrated a 4 × 3-cm heterogeneously enhancing extraaxial fourth ventricular mass causing local mass effect and obstructive hydrocephalus ( Fig. 1A and B) . Given initial concern for a malignancy, MRI of the entire spine was also performed and revealed a lesion intertwined within the sacral nerve roots ( Fig. 1C and D) . The patient was asymptomatic from this sacral lesion.
Operative Course and Pathological Findings
The patient was subsequently brought to the operating room for a suboccipital craniotomy for tumor resection. Intraoperatively, it was noted that the tumor was moderately tough in consistency and slightly adherent to the floor of the fourth ventricle. A week after the craniotomy, the patient was brought back to the operating room for a sacral laminotomy and resection of the intradural sacral mass. During this procedure, intraoperative ultrasonography was used to confirm the location of the lesion prior to opening the dura mater. A purple-reddish tumor was found at the bottom of the thecal sac intertwined with the sacral nerve roots. Using sharp microdissection and nerve stimulation, the tumor was separated from the nerve roots; postresection neuromonitoring demonstrated no signal changes. Histological examination of both tumors revealed benign CPP (WHO Grade I), with no concerns for a malignant phenotype (Fig. 2) .
Postoperative Course
Postoperative MRI of the brain and spine revealed gross-total resection of both lesions (Fig. 3) . The patient's dysmetria improved, and he was weaned off his external ventricular drain and did not require permanent CSF diversion. The patient was eventually discharged home in good condition. Follow-up MRI of both the brain and total spine at 3, 6, and 9 months continued to demonstrate no recurrence or new lesions. Given the metastatic presentation of the lesion and young age of the patient, we continue to perform MRI of the brain and total spine every 3 months with a plan to lengthen the imaging interval if scanning findings remain negative.
Discussion
Choroid plexus tumors are typically categorized histologically according to the WHO grading system: benign CPP (WHO Grade I), atypical CPP (WHO Grade II), and choroid plexus carcinoma (CPC; WHO Grade III). While metastases occur more frequently with CPCs, metastases in benign lesions are thought to be rare. Yet, in adult patients, there are several examples demonstrating that benign CPP can form distant metastases. lesions demonstrated progression to atypical CPPs 26, 33, 38 or retained benign features similar to those of the original primary lesion. 1, 2, 4, 9, [16] [17] [18] 22, 23, 25, 27, 31, 33, 39 Furthermore, these metastatic lesions were found within the ventricular system, posterior fossa (including the cerebellopontine angle), or anterior or middle cranial fossa; diffusely involving the leptomeninges; or along the spinal axis.
Among the cases in adults, the majority of patients extreme example in which a patient developed diffuse spinal lesions 19 years after his initial diagnosis and resection. 38 It is unclear whether these differences in time to metastasis are due to seeding at the time of surgery or by innate tumor cell spread within the CSF. Based on the literature and prior reports, it is likely that tumor cells originating within the fourth ventricle have more direct access to the subarachnoid space outside the ventricular pathway through the foramen of Magendie and foramina of Luschka. This may also account for the fewer number of reports of metastatic CPPs in pediatric patients, in whom supratentorial locations are more common. 15, 37 In pediatric patients, in contrast to adults, there are very few reports of benign metastasis or drop metastasis. A review of the literature demonstrated 3 cases, with 2 males and 1 female ranging from 3 to 16 years of age (mean 8.7 years; Table 2 ). Doglietto et al. reported on a 16-year-old boy who, on initial presentation, was found to have diffuse solid lesions in the cisterna magna, both cerebellopontine angles, and lumbosacral space. Surgical removal of the solid and cystic lesions in the cisterna magna confirmed a diagnosis of CPP. 7 Guidetti and Spallone reported on a 3-year-old girl with a third ventricular CPP that was resected. Unfortunately, 3 years later this patient was found to have a new fourth ventricular mass, which was theorized to be due to tumor seeding rather than an intrinsic lesion originating from the fourth ventricle choroid plexus itself. 11 However, the pathological diagnosis and histological characteristics of this new mass were never examined. Masuzawa et al. reported on a 7-year-old patient who was diagnosed with a fourth ventricular CPP and eventually underwent resection of the tumor 9 years after the initial diagnosis. Approximately 4 years after the initial operation, the patient developed symptoms of cervical cord compression with a mass lesion found at the C6-7 region, with histological findings being consistent with a well-differentiated CPP, albeit with more nuclear pleomorphism and mitotic figures. 20 Although not stated, this metastatic lesion may have been classified as an atypical CPP. Here, we describe a pediatric patient who presented with both a benign (WHO Grade I) CPP within the fourth ventricle and a sacral drop metastasis concurrently, prior to any surgical intervention. This finding, in conjunction with the case reported by Doglietto et al., suggests that, although rare, CPPs have an intrinsic ability to metastasize not only in adult patients but also in children.
With this evidence in mind, the workup and long-term management of patients with benign CPPs may need to be reexamined to incorporate the possibility of metastases. For fourth ventricular tumors in a pediatric patient, most practitioners would obtain an MRI study of the entire spine at initial presentation, given the concern for drop metastases from possible medulloblastoma or ependymoma. In patients who may not have undergone spine imaging on initial workup for various reasons, we believe that immediate postoperative imaging of the spine should be performed. Given this case and other reports, it can be argued that MRI of the entire spinal axis on surveillance imaging is also warranted even in patients with benign CPPs (WHO Grade I). This approach has been advocated previously in the context of adult patients, but less so in the pediatric population. 33, 38 As there were some cases in which patients died of spread of their primary tumor, catching a metastatic lesion at initial presentation or earlier on follow-up imaging may prevent such devastating outcomes.
It is unclear what the best treatment strategies are for patients with disseminated disease and if there are prophylactic measures that may be taken to prevent metastasis. Although radiotherapy, stereotactic radiosurgery, and various chemotherapy agents have been used, in some cases with success, there are no standard treatment algorithms for metastatic CPP lesions, and no report has demonstrated the use of adjuvant therapies in pediatric patients. In some reports, metastatic lesions causing significant neurological deficits were resected, but resection in cases of extensive disseminated lesions was limited. With the understanding that each case is unique and challenging in its own manner, our recommendation for the management of benign CPPs with CSF spread and metastasis is generally to remove all lesions if possible, because this approach can be curative. Given the rarity of these cases, however, a prospective clinical trial or even a retrospective comparative study may not be feasible. Moreover, there are no clear guidelines for the length of follow-up needed for these patients, depending strongly on practice habits. As metastases have been found up to 19 years after initial presentation, it may be especially important in the pediatric patient to be attentive to signs and symptoms of potential slow-growing distant lesions. Again, we advocate imaging of the brain and total spine during follow-up to ensure detection of potential new sites of growth.
Conclusions
Here, we report the case of a metastatic benign sacral CPP discovered at the time of initial presentation in a patient with a benign fourth ventricular CPP. Both lesions were treated successfully with resection alone, and followup is currently ongoing. Although metastatic spread of a benign CPP is a rare occurrence in the pediatric population, this case, in conjunction with reports within the literature, illustrates the utility of undertaking imaging of the entire spinal axis at the time of diagnosis. By doing so, metastatic lesions may undergo early intervention, preventing poor outcomes such as disabling neurological deficits or even death.
